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. $\mathcal{H}$ $(\cdot,$ $\cdot)_{\mathcal{H}}$ . $h$ :
1638 2009 56-72 56
$Earrow \mathcal{H}$ $\mathcal{H}$ $E$ .
, $f\in \mathcal{H}$ $\mathcal{F}(E)$ $L$ :
$f(p)=(Lf)(p)=(f, h(p))_{\mathcal{H}}$ . (1)
(1) , $f(p)$ $L$
, ( ) $f$ ( ) $f(p)$
.
$E\cross E$
$K(p, q)=(h(q), h(p))_{\mathcal{H}}$ (2)
. $\mathcal{R}(L)$ $\mathcal{H}$ $L$ $E$
.
$\Vert f\Vert_{\mathcal{R}(L)}=\inf\{\Vert f\Vert_{\mathcal{H}};f=Lf\}$ (3)
,
.
1 (3) $\mathcal{R}(L)$ ,
(L), $(\cdot,$ $\cdot)_{\mathcal{R}(L)}]$ . (2) $K(p, q)$
.
(i) $q\in E$ , $K(p, q)$ $p$ $\mathcal{R}(L)$
,
(ii) $f\in \mathcal{R}(L)$ $q\in E$ , $f(q)=$
$(f(\cdot), K(\cdot, q))_{\mathcal{R}(L)}$ . , (i) (ii) $K(p, q)$ $\mathcal{R}(L)$
. $L$ $\mathcal{H}$ $\mathcal{R}(L)$
$\{h(p);p\in E\}$ $\mathcal{H}$ .
$K(p, q)$ (i) (ii) $\mathcal{R}(L)$ $K(p, q)$
, $K(p, q)$ . (ii)
$f$ .
,
RKHS (reproducing kernel Hilbert space) .
1
((2) ) $K(p, q)$
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2 (1) $\mathcal{H}$ $\{f(p)\}$ (2)
$K(p, q)$ $H_{K}$ .
$\Vert f\Vert_{H_{K}}\leq\Vert f\Vert_{\mathcal{H}}$ . , $f\in H_{K}$
, $\mathcal{H}$ $f^{*}$ :




$\mathcal{H}$ $H_{K}$ $T$ $E$
: $\mathcal{H}=L_{2}(T, dm),$ $H_{K}\subset L_{2}(E, d\mu)$ .
( $dm,$ $d\mu$ , $E$ $dm,$ $d\mu-L_{2}$
) ,
$f(p)= \int_{T}F(t)\overline{h(t,p)}dm(t)$ (4)
. , $h(t,p)$ $T\cross E$ $h(\cdot,p)\in L_{2}(T, dm)$
, $F$ $F\in L_{2}(T, dm)$ .
$K(p, q)= \int_{T}h(t, q)\overline{h(t,p)}dm(t)$ on $E\cross E$ .
$H_{K}$ $L_{2}(E,$ $d\mu)$
. .
3 $E$ $\{$EN $\}$ 1 : $(a)$ $E_{1}\subset$
$E_{2}\subset\cdots\subset\cdots,$ $(b)$ $\bigcup_{N=1}^{\infty}E_{N}=E,$ $(c)$ $\int_{E_{N}}K(p,p)d\mu(p)<\infty$ , $(N=$
$1,2,$ $\ldots)$ .
, $f\in H_{K}$ $N$ $\int_{E_{N}}f(p)h(t,p)d\mu(p)\in L_{2}(T, dm)$
,
$\{\int_{E_{N}}f(p)h(t,p)d\mu(p)\}_{N=1}^{\infty}$ (5)
, (4) 2 $F^{*}$ $L_{2}(T, dm)$ .
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$f(p)=(f,g_{\tilde{L}}(p))_{\mathcal{H}}$ , for $f\in \mathcal{H}$ (7)
$\Vert f\Vert_{H_{K}}=\Vert f\Vert_{\mathcal{H}}$ . (7) $\tilde{L}$ ,
$\{g_{\tilde{L}}(p);p\in E\}$ $\mathcal{H}$ .






















, , $L$ $H_{K}$
$\mathcal{H}$ . , 2
: $\mathcal{H}$
$d$




5([1 $7J)\mathcal{H}$ $d$ ,
$\inf_{f\in H_{K}}\Vert Lf-d\Vert_{\mathcal{H}}=\Vert L\tilde{f}-d\Vert_{\mathcal{H}}$ (9)
$H_{K}$ $\tilde{f}$
$k(p, q)=(L^{*}LK(\cdot, q), L^{*}LK(\cdot,p))_{H_{K}}$
$H_{k}$ ,
$L^{*}d\in H_{k}$ (10)
. , (9) $f$ , $H_{K}$
,
:
$f_{d}(p)=(L^{*}d,$ $L^{*}LK(\cdot,$ $p))_{H_{k}}$ on E. (11)
, $L$ $L^{*}$ , $(L^{*}d)(p)=(L^{*}d, K(\cdot,p))_{H_{K}}=(d, LK(\cdot,p))_{\mathcal{H}}$



























$\lim_{\alphaarrow 0}(L^{*}L+\alpha I)^{-1}L^{*}d=\lim_{\alphaarrow 0}f_{d,\alpha}=f_{d}$ . (12)
$\Vert Lf_{d,\alpha}-Lf_{d,\alpha}^{\delta}\Vert_{\mathcal{H}}\leq\delta$ , $\Vert f_{d,\alpha}-f_{d_{1}\alpha}^{\delta}\Vert_{H_{K}}\leq\frac{\delta}{\sqrt{\alpha}}$ .
7 $\Vert d-d^{\delta}\Vert_{\mathcal{H}}\leq\delta$ $\mathcal{D}(L\dagger)$ $d^{\delta}$ $f_{d\alpha}^{\delta}$
)
:
$\inf_{f\in H_{K}}\{\alpha\Vert f\Vert_{H_{K}}^{2}+\Vert d^{\delta}-Lf\Vert_{\mathcal{H}}^{2}\}$ . (13)
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$\alpha=\alpha(\delta)$
$\lim_{\deltaarrow 0}\alpha(\delta)=0$ , $\lim_{\deltaarrow 0}\frac{\delta^{2}}{\alpha(\delta)}=0$
:












$\inf_{f\in H_{K}}\{\alpha\Vert f\Vert_{H_{K}}^{2}+\Vert d-Lf\Vert_{\mathcal{H}}^{2}\}$ (16)
$f_{d,\alpha}(p)$ $K_{L}(p, q;\alpha)$
$f_{d_{2}\alpha}(p)=(d,LK_{L}(\cdot,p;\alpha))_{\mathcal{H}}$ (17)
. $K_{L}(p, q;\alpha)$ $H_{K}(L;\alpha)$
$\tilde{K}(p, q;\alpha)+\frac{1}{\alpha}(L\tilde{K}_{q}, LK_{p})_{\mathcal{H}}=\frac{1}{\alpha}K(p, q)$ (18)
$\tilde{K}(p,$ $q;\alpha)$ .
$\tilde{K}_{q}=\tilde{K}(\cdot, q)\alpha)\in H_{K}$ for $q\in E$ , $K_{p}=K(\cdot,p)$ for $p\in E$ .
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(17) , $d$ .
9 $(f34J)$ . (17) :













$u_{F}(x,t)=(L_{t}F)(x)= \frac{1}{(4\pi t)^{n/2}}\int_{R^{n}}F(\xi)\exp\{-\frac{|\xi-x|^{2}}{4t}\}d\xi$ (19)
. $u(x, 0)=F(x)$
$u_{t}(x,$ $t)=u_{xx}(x,$ $t)$ $u(x,t)$
. $[$23]
.






$e^{-D^{2}}[(L_{1}F)(x)]=F(x)$ pointwisely on $R$
([9], p. 182). Sobolev
[41] , [38] ,
Paley-Wiener
.
Paley-Wiener [21,8] sampling theory
. sinc method
.
$L_{2}(R^{n}, (-\pi/h, +\pi/h)^{n}),$ $(h>0)$ $g$
$f(z)= \frac{1}{(2\pi)^{n}}\int_{R}\chi_{h}(t)g(t)e^{-iz}.{}^{t}dt$
. $z=(z_{1}, z_{2}, \ldots, z_{n}),$ $t=(t_{1}, t_{2}, \ldots, t_{n}),$ $dt=dt_{1}\cdot dt_{2}$ .
. . $dt_{n},$ $z\cdot t=z_{1}t_{1}+\cdots+z_{n}t_{n}$ $(-\pi/h, +\pi/h)$ $\chi$
$\chi_{h}(t)=\Pi_{\nu=1}^{n}\chi(t_{\nu})$ .
$K_{h}(z, \overline{u})=\frac{1}{(2\pi)^{n}}\int_{R}\chi_{h}(t)e^{-iz\cdot t}\overline{e^{-iu}.}{}^{t}dt=\Pi_{\nu}^{n}\frac{1}{\pi(z_{\nu}-\overline{u}_{\nu})}\sin\frac{\pi}{h}(z_{\nu}-\overline{u}_{\nu})$
Paley-Wiener $W_{h}$ $\nu$ $C_{\nu}$
$z_{\nu}arrow\infty$







pling theorem). $\{hj\}_{j}$ [17]
. :
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10 ([381) $L_{2}(R^{n})$ $g$ $\alpha>0$ ,
$\inf_{F\in H_{K_{h}}}\{\alpha\Vert F\Vert_{H_{K_{h}}}^{2}+\Vert g-u_{F}(\cdot,t)\Vert_{L_{2}(R^{n})}^{2}\}$




$Q_{t,\alpha,h}( \xi-x)=\frac{1}{(2\pi)^{n}}\int_{R^{n}}\frac{\chi_{h}(p)e^{-ip\cdot(\xi-x)}dp}{\alpha e^{|p|^{2}t}+e^{-|p|^{2}t}}$ .
$H_{K_{h}}$ $F$ $u_{F}(x, t)$ $g$ $u_{F}(\xi, t)$
$\alphaarrow 0$
$F_{t,\alpha,h,g}^{*}arrow F$
Sobolev , $\alpha=0$ (21)
([49]), Paley-Wiener $W_{h}$ $\alpha=0$
(21) . 10 , $\alpha=0$
. Tikhonov
. $(L_{t}F_{t,0_{2}h,g}^{*})(x)=(g(\cdot), K_{h}(\cdot, x))_{L_{2}(R^{n})}$
$(L_{t}F_{t,0,h,g}^{*})(x)$ $g$ Paley-Wiener $W_{h}$ S, $F_{t_{2}0,h,g}^{*}$
$g$ $\Vert L_{t}F_{t,0_{I}h_{r}g}^{*}-g\Vert_{L_{2}(R^{n})}$ . $F_{t,0,h_{2}g}^{*}$
$L_{2}(R^{n})$ $g$ $W_{h}$ $F$ $L_{t}F=g$ Moore
Penrose .
Sobolev $H_{S}$ Paley-Wiener $W_{h}$ $\alphaarrow 0$
$harrow 0$ 30










$n arrow\infty hm\frac{(-1)^{n}}{n!}(\frac{n}{t})^{n+1}f^{(n)}(\frac{n}{t})=F(t)$ , $\lim_{narrow\infty}\Pi_{k=1}^{n}(1+\frac{t}{k}\frac{d}{dt})[\frac{n}{t}f(\frac{n}{t})]=F(t)$
([13]) . [25] .






$K(t, t’)= \int_{0}^{\min(t_{2}t’)}\xi e^{-\xi}\not\in$ (22)
.
$\int_{0}^{\infty}|(\mathcal{L}F)(p)p|^{2}dp\leq\frac{1}{2}\Vert F\Vert_{H_{K}}^{2}$ ; (23)
$H_{K}$ $L_{2}(R^{+}, dp)=L_{2}(R^{+})$ $(\mathcal{L}F)(p)p$
:




$F_{\alpha,g}^{*}(t)= \int_{0}^{\infty}g(\xi)(\mathcal{L}K_{\alpha}(\cdot,t))(\xi)\xi\not\in$ . (25)
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$K_{\alpha}(\cdot, t)$ : $K_{\alpha,t’}=K_{\alpha}(\cdot, t’)$ , $K_{t}=$
$K(\cdot, t)$
$K_{\alpha}(t, t’)= \frac{1}{\alpha}K(t, t’)-\frac{1}{\alpha}((\mathcal{L}K_{\alpha,t’})(p)p, (\mathcal{L}K_{t})(p)p)_{L_{2}(R^{+})}$ . (26)
$F_{\alpha,g}^{*}(t)$ (25) . (26) $t$
$t$ $t’$
$( \mathcal{L}K_{\alpha}(\cdot, t))(\xi)=\frac{1}{\alpha}(\mathcal{L}K(\cdot,t))(\xi)-\frac{1}{\alpha}((\mathcal{L}K_{\alpha_{2}t})(p)p, (\mathcal{L}(\mathcal{L}K.)(p)p))(\xi))_{L_{2}(R+})$ .
(27)
$K(t,t’)=\{\begin{array}{l}-te^{-t}-e^{-t}+1 for t\leq t’-t’e^{-t’}-e^{-t’}+1 for t\geq t’.\end{array}$
$( \mathcal{L}K(\cdot,t’))(p)=e^{-t’p}e^{-t’}[\frac{-t’}{p(p+1)}+\frac{-1}{p(p+1)^{2}}]+\frac{1}{p(p+1)^{2}}$ .
$\int_{0}^{\infty}e^{-qt’}(\mathcal{L}K(\cdot,t’))(p)dt’=\frac{1}{pq(p+q+1)^{2}}$ .
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